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Abstract 



PURPOSE:To obtain a uniform contrast in a wide visual angle range by forming the surface of an electrode 
substrate on the side in contact with a liquid crystal layer to a rugged shape. 

CONSTITUTION The surface of the lower electrode substrate 6 of the upper electrode substrate 2 and the 
lower electrode substrate 6 of a liquid crystal cell on the side in contact with the liquid crystal layer 3 is 
provided with ruggedness by etching using hydrofluoric acid, etc., and an ITO film is formed thereon. The film 
is subjected to an orientation treatment. The height h is 0 to 5mum and the spacings I of the ruggedness 
array irregularly at 10 to 500mum. The product DELTAn.d of the refractive index anisotropy DELTAn and cell 
thickness d of the liquid crystal, therefore, varies at the fine pitch of 1=10 to 500mum and, therefore, the 
colors by the respective DELTAn.d are subtracted and the coloring of the panel is substantially invisible. The 
liquid crystal shutter having the uniform contrast within the wide visual angle range is eventually obtd. 
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Specification 

1. Name of this invention 

Liquid Crystal Shutter 

2 . Claims 

Liquid crystal shutter with the following characteristic: 
With a liquid crystal shutter having a liquid crystal cell 
narrowly holding a liquid crystal layer oriented between a pair of 
electrode substrates having an electrode on each of the inner 
surface and a polarizing plate formed on the outside surface of at 
least one of said liquid crystal cell, 

at least one of the surface contacting said liquid crystal 
layer of the electrode substrate is made into a surface with 
ruggedness . 

3. Detailed Explanation of this Invention 
[Industrial Field] 

This invention pertains to a liquid crystal shutter. 
[Conventional Technology] 

With the conventional liquid crystal shutter, both side 
surfaces contacting the liquid crystal layer of a pair of electrode 
substrates tightly holding a liquid crystal layer are made as 
smooth surfaces. 

[Problems to Be Solved by this Invention] 
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When the electrode surfaces of the electrode substrates are 
smooth as in the case of conventional device, a liquid crystal 
shutter requiring a uniform contrast has a limited vision angle, 
particularly at the time of voltage impression. 

This invention was developed to solve this problem. The 
purpose of this invention is to provide a liquid crystal shutter 
having a wide vision angle range with a uniform contrast. 
[Method to Solve the Problems] 

To achieve the purpose as described above, this invention 
provides a liquid crystal shutter with the following 
characteristic : 

With a liquid crystal shutter having a liquid crystal cell 
narrowly holding a liquid crystal layer oriented between a pair of 
electrode substrates having an electrode on each of the inner 
surface and a polarizing plate formed on the outside surface of at 
least one of said liquid crystal cell, at least one of the surface 
contacting said liquid crystal layer of the electrode substrate is 
made into an uneven surface. 
[Operational Examples] 

Figure 1 is a cross - sect ional diagram showing the liquid 
crystal shutter based on this invention. In the figure, item 1 
designates an upper polarization plate. Item 2 designates an upper 
electrode plate having a flat electrode surface subjected to an 
orientation process. Item 3 is a nematic liquid crystal layer 
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which is twisted at 90° , which is narrowly supported by the lower 
electrode substrate 6 facing against the electrode substrate 2 and 
sealing material 4. The surface contacting the liquid crystal 
layer 3 of the lower electrode substrate 6 is prepared by etching 
the glass surface using fluoric acid, over which an ITO is formed 
and subjected to an orientation treatment. Item 5 is a spacer for 
maintaining a specific space between the upper and lower electrode 
substrates 2, 6, being mixed in the seal material 4. Item 7 is a 
lower polarization plate. With the liquid shutter structured in 
this manner, the following explains the detailed configuration 
while referring to Fig. 2. In Fig. 2, the lower electrode 
substrate 6 is etched using fluoric acid, etc. to form ruggedness, 
onto which an ITO is formed using a spattering method, etc. The 
degree of ruggedness after the formation of ITO is 0 - 5 /urn in its 
height (h) , and the space (£) between the bottoms and tops of the 
ruggedness is 10 /um - 500 /um f being irregularly arranged. 

The lower electrode substrate having the surface as described 
above and upper electrode surface 2 having a smooth electrode 
surface are made into a liquid crystal cell as shown in Fig. 1. In 
this case, if the spacer 5 is 5 ju , the cell thickness (d) of the 
liquid crystal cell consists of fully irregularly formed between 5 

JjL ~ 10 /U . 

ON the other hand, the vision angle dependency of the liquid 
crystal cell occurs according to the multiplied value of refraction 
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ratio aerotropic characteristic An and cell thickness of the liquid 
crystal (i.e.; forming a degree of An x d; color changes) due to 
the newly formed vision angle. Assuming that the An of the 
crystal layer 3 in Fig. 2 is set as 0.08, Ad x d irregularly exists 
within a range of 0.4 - 0.8 /urn in the same sell; when An is set as 
0.16, An x d irregularly exists within a range of 0.8 - 1.6. 

Therefore, the value of An*d changes at a fine pitch ((= 10 - 
500 jum) , the color produced by each An*d is reduced, thereby making 
the panel color almost invisible. Also, when the liquid crystal 
cell is observed from a oblique direction, since An-d changes at a 
dense pitch in the same manner, the chromaticity is not formed, 
subsequently allowing the production of liquid crystal shutter 
having a uniform contrast in a wide range of vision angles. 

Figure 4 is a chart showing the relation between the vision 
angle direction and permeation ratio (at ON time) of a liquid 
crystal shutter structured as described in Operational example 1 
and the conventional TN type liquid crystal shutter. 

The conditions of the cells are described below. As shown in 
Fig. 4, the liquid crystal display device based on this invention 
can provide wider vision field range and more uniform contrast 
compared with the results obtained from the conventional TN type 
liquid crystal shutter. 

Liquid crystal shutter based on this invention (A) : 

• Positive type (the permeation ratio at the time of non-voltage 



5 



impression is displayed higher than the permeation ratio at 
the time of impression time) 

• An-d range = 0.8 - 1.6// 
Twist angle = 90° 

TN type liquid crystal shutter (B) : 

• Positive type 

• An*d range = 1.1// 

• Twist angle = 90° 
Measurement condition : 

The entire circumference of the permeation ratio changes was 
measured from the direction where the angle 9 in the diagonal 
direction of the cell was 30°. 
Drive condition: 

5V-STATIC wave was impressed. 
Operational example 2 : 

Figure 3 is a cross-sectional diagram of the liquid crystal 
shutter for Operational example 2. In the figure, items 8 
designates an upper polarization plate. Items 9 and 13 
respectively designate the upper and lower electrode substrates. 
The surface contacting the liquid crystal layer 10 is prepared by 
etching the glass surface using fluoric acid, etc., on which an ITO 
is formed and subjected to orientation. Item 10 is a liquid 
crystal layer is a nematic liquid crystal layer twisted for 90°, 
being narrowly supported by the seal material 11 and spacer 12. 
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Item 14 is a lower polarization plate. 

The degree of ruggedness after forming an ITO for the upper 
and lower electrode substrates 9 and 13 are both 0-5 /urn, and the 
space between the top and bottom of ruggedness is irregularly 
arranged within a range of 10 /urn - 500 jura. 

When a 3 fum spacer is used with the cell structure as 
described above, irregular cell thickness (3 - 13 ju) is formed in 
the same cell. When An is 0.14, An x d irregularly exists within a 
range of 0.42 - 1.82 in the same cell. Therefore, as described in 
Operational example 1, a liquid crystal shutter having a wide range 
of vision angle with a uniform contrast can be proved. 
Operational example 3 : 

Figure 5 is a diagram showing an example when the liquid 
crystal shutter prepared in Operational example 1 is used as a sun 
glass. The liquid crystal shutter 17 based on this invention used 
as a glass lens is made into positive type and designed to be set 
ON-OFF by the photoelectric motive force by a solar battery 16. 
Item 15 is a glass frame containing an internally built circuit on 
the back side of the solar battery for liquid crystal operation. 

Note that, although the examples used a nematic liquid crystal 
twisted for 90°, this invention is not limited to those examples, 
as any twisting angle and liquid crystal material can be used as 
long as applicable to the photoelectric motive elements. Also, the 
ruggedness of the electrode substrate is not particularly limited 
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in this invention. 

[Effectiveness of this Invention] 

As described above, with the configuration of this invention, 
a liquid crystal shutter having a uniform contrast within a wide 
range of vision angle can be provided. Particularly, the method 
based on this invention is effective for glass shutters used as a 
liquid crystal sunglass and 3D device (3-D image device). 
4. Simple Explanation of the Figures 

Figure 1 is a cross-sectional diagram showing the liquid 

crystal shutter based on this invention. Figure 2 is a diagram 

showing more detailed structure of the device shown in Fig. 1. 

Figure 3 is a cross-sectional diagram of a liquid crystal shutter 

used in Operational example 2 of this invention. Figure 4 is a 

chart showing the relation between the vision angle direction and 

permeation ratio (permeation ratio changes in the circumference 

direction when the angle in the diagonal direction is 30°) . Figure 

5 is a diagram showing an example when the liquid crystal shutter 

prepared in Operational example 1 is used as a sun glass. 

1 ... Polarization plate 1; 7... Lower polarization plate; 

2... Upper electrode substrate; h...Gap between the top and 

bottom of ruggedness on the ITO 
3... Liquid crystal layer; of a lower electrode substrate; 

4... Seal material; (...Space between the top and 

bottom of ruggedness on the ITO 

5... Spacer; of a lower electrode substrate; 

d. . .Cell thickness; 

6... Lower electrode substrate; 

8... Upper polarization plate; 



9... Upper electrode substrate; 
10... Liquid crystal layer; 
11. . .Seal material; 
12 . . . Spacer; 

13... Lower electrode substrate 
14... Lower polarization plate; 

A. . .Vision angle-permeation 
ratio characteristic of the 
liquid crystal shutter of this 
invention ; 

B. . .Vision angle-permeation 
ratio characteristic of TN typ 
liquid crystal shutter; 

15. . .Glass frame; 

16. . .Solar battery; 

17... Liquid crystal shutter of 
this invention 
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